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ABSTRACT
As the elderly population grows, the health care needs of people over the
age of sixty-five will dominate the medical profession. Methods of prevention of
health problems are key to providing the optimal medical care. Falling has been
reported as the most prevalent means of injury in older people. One third of all
seniors living in the community and one half of those residing in nursing homes
fall each year. Research indicates that elderly people who fall have weaker
lower extremity strength than elderly people who do not fall. As a result, some
clinicians have incorporated strengthening regiments into fall prevention
programs created for the elderly.
The purpose of this independent study is to provide a comprehensive
literature review of the current use and efficacy of strength training to reduce the
muscular deficits and subsequent falls that occur in the elderly population.
Recommendations for lower extremity strength training for future fall intervention
programs will also be included.
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CHAPTER I
INTRODUCTION
Currently, 12% of the United States population is 65 years of age and
older with this proportion expected to increase to over 20% by the year 2040. 1
Of the present elderly population one third of those living in the community and
one half of those residing in nu rsing homes fall each year. 2 One in 40 of these
falls leads to hospitalization with one percent resulting in hip fractures that cost
the United States $7 to $12 billion in hospital expenses annually.2.3 Not only are
these falls costly, but they often result in diminished functional status, loss of
independence and increased need for physical assistance at home and within
the nursing facility.1-6
The etiology of falls in the elderly population has attracted much research.
Several studies have identified a variety of environmental and medical factors
that increase the risk of falls in the elderly. Included in these factors are
diminished proprioception, decreased reaction time, loss of hearing, altered
vision, gait changes, intake of multiple medications, and muscle weakness.
Many specific medical conditions also increase the risk of falling, such as
cerebral vascular accidents, Parkinson's disease, arthritis, vertigo, osteoporosis,
and orthostatic hypotension. 3-7 Of these risk factors , the loss of lower extremity
strength has been documented as a cause of falls in as many as 36% of all
1
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cases. 2.3 However, muscle weakness has also been cited as a significant
component of elderly falls that can be reversed?-11
In order to effectively prevent falls that occur as a result of muscle
weakness it is essential to first understand the natural decline in muscle mass
and strength that occurs with age in both sedimentary and, to a lesser extent, in
active individuals. 12-13 Research suggests that there is a loss of at least 30-40%
of muscle mass by the age of 80, with muscle strength and fiber numbers falling
by similar proportions. 6•9.14 The biological, pathological and functional causes for
these changes will be discussed in detail. 15-19
Once there is a clear understanding of the muscular deficits and their
causes, the reversibility of these deficits can be demonstrated through strength
training. Progressive resistance exercise using isotonic, isometric and isokinetic
exercises have all shown marked improvements in muscle strength, muscle
mass, and individual muscle fiber cross sectional area in several studies with
elderly subjects. 2o-29 In some cases the muscle deficits could be completely
reversed using as few as 6 weeks of resistance training. 29.3o
With the beneficial results found in strength training in the elderly it would
make sense that many clinicians would incorporate resistance exercise into fall
prevention programs, using the improved lower extremity strength to decrease
the risk of falls. 31 .32 However, research on the use of strengthening to prevent
falls in the elderly is limited. Nonetheless, the few fall prevention research
programs that incorporate muscle strengthening have shown several positive
results. 32-37 The purpose of this independent study is to provide a
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comprehensive literature review of the current use and efficacy of strength
training to reduce the muscular deficits and subsequent falls that occur in the
elderly population. Recommendations for lower extremity strength training for
future fall intervention programs will also be presented .

CHAPTER II
THE CHANGES IN MUSCLE FUNCTION WITH AGE
To effectively prevent falls that result from muscle weakness, the muscle
changes that occur with aging should be clearly understood. This chapter will
provide a complete review of the muscular changes in the elderly, as well as the
causes and the consequences of these changes.
Muscle weakness in the elderly is a multifactorial phenomenon that is
often linked to the high prevalence of falls in this population. Several recent
controlled studies have identified lower extremity muscle weakness as one of
many important risk factors for falls in the elderly.2,3,38-42 Specifically, research
reveals that elderly people who fall have significantly weaker dorsiflexion, plantar
flexion, knee flexion, and knee extension than elderly people who did not have a
history of falls. ll
The decline in muscle strength with aging is well documented. 14,43-47
Several studies demonstrate a decline in muscle strength of up to 40% by the
age of 80. 6,9,14,43-45 This loss in strength is particularly prominent in the lower
extremities. 17 For instance, Aniansson et al 14 found that from the age of 70 to 75
quadriceps strength declines 9% to 27% for men and 14% to 25% for women
while hand grip strength is remarkably well preserved in both sexes with no
significant decline in strength observed until 79 years of age. Davis and his
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colleagues 46 compared the strength of the gastrocnemius and soleus muscles
between elderly and young men and women and found that plantar flexion
strength is 38% and 28% weaker in elderly men and women, respectively, than
in their younger counterparts. In a similar study, Vandervoort and McComas 47
observed a decline in the strength of plantar flexors and dorsiflexors of healthy
men and women beginning at as early as 35 years of age and continuing to
decline by 15% per decade.
Multiple causes account for the muscle weakness that accompanies
aging. The remainder of this chapter will identify the biological, pathological and
functional causes of muscle weakness in the elderly.
Biological Causes
There are several biological causes for the decline in muscle function in
the elderly. Skeletal muscle consists of three types of muscle fibers: type I
(slow-twitch, oxidative), type lIa (fast7twitch, oxidative-glycolytic), and type lib
(fast-twitch, glycolytic). Endurance and slow contraction velocity are functional
characteristics of type I muscle fibers. High force and speed of contraction are
functional characteristics of type" muscle fibers.48 Most of the muscles in the
human body have approximately equal proportions of slow- and fast-twitch
muscle fibers. However, as skeletal muscle ages, there is a preferential atrophy
of fast-twitch muscle fibers and a subsequent increase in slow-twitch
fibers. 15,16,49,5o
There is some controversy in the research regarding the actual
percentage of type" muscle fibers that are loss during the aging process.
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Brooks and his colleagues 44 found only a minimal change in the number or size
of any of the three fiber types in elderly subjects under 70 years of age.
However, Grimby et al 51 found the numbers of type II muscle fibers decrease by
15-20% and Larsson 52 identified a decline of as much as 40% after the age of
70. The loss of type II muscle fibers was observed at as early as 25 years of age
and deteriorated thereafter in a study by Porter and his collegeagues. 49 Although
the research numbers vary it is generally believed that there is a significant loss
in type II muscle fibers with aging.17
The loss of type II, fast twitch, muscle fibers consequently effects elderly
muscle function in several ways. Technically, the decrease in fast-twitch fibers in
the elderly is seen in a significant increase in both time to peak tension, and the
time to relaxation following contraction,46.47 which result in a reduced rate of force
development in the muscle and diminished ability to accelerate movements. 53
Clinically, elderly subjects have slower reaction times, weaker contractions and
require longer to recover from activity. 50
As a result of the selective loss of type II muscle fibers there is an
increase in the percentage of type I fibers of up to 40% between 20 and 30 years
of age and up to 55% between 60 and 65 years of age. 54 The increase in type I
fibers with age is not only a result of the selective loss of type II fibers but also is
caused by the reinnervation of denervated type II motor units by type I motor
units. 44.5o Research suggests there are specific morphological aspects of faster
motor nerves (type II) that results in the preferential degeneration of these
nerves and the subsequent denervation of type II muscle fibers.55 According to
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Brooks and Faulkner44 there is a grouping of slow-twitch (type I) muscle fibers
that occurs in elderly muscle that results from this denervation of fast-twitch (type
II) muscle fibers with reinnervation by axonal sprouting from an adjacent
innervated slow-twitch motor unit. Furthermore, their research stated that this
motor unit "remodeling" can explain much of the muscle atrophy and strength
decline that accompanies aging.
Presumably the type II muscle fibers that are not reinnervated undergo
atrophy, thus the total number of motor units also declines with age. 16,49
Moreover, the remaining motor units are much larger and predominantly slow
twitch due to the axonal sprouting. 44 Campbell and his colleagues 56 found a 75%
decline in the total number of motor units after 70 years of age in some skeletal
muscles. Tomlinson 57 found the number of motor units reduced up to 50% in the
lumbosacral cord in subjects over 60 years of age. This change in motor unit size
and number decreases coordination, speed of contraction, overall muscle mass,
and directly effects functional patterns in the elderly.16,44
The significant loss of lean muscle mass with aging has been identified as
another factor that alters the function of elderly muscle. A 30% to 40% decline in
lean muscle mass is seen in elderly subjects by the age of 80. 6.9.14 Research
suggests this loss primarily effects the proximal muscle of the lower extremities. 50
Lexell et al 53 focused specifically on the vastus lateralis of previously healthy
men between 15 and 83 years of age and found an average loss of 40% of
muscle mass by 80. This mass reduction began as early as 25 years with a 10%
loss at the age of 50.
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The decrease in lean muscle mass is associated with a decreased total
protein and nitrogen concentration combined with an increase in connective
tissue and fat with aging. 50 Rice and his colleagues 58 document an increase in
nonmuscle tissue (fat and connective tissue) within elderly muscle of 27%,45%,
and 81 %, respectively, for arm flexors, arm extensor and plantar flexors of the
elderly. Overend et al 59 also report an increase in nonmuscle tissue of 59% in the
quadriceps and 127% in the hamstrings of elderly men.
Age related infiltration of fat and connective tissue appear to result in the
reduction of muscle contractile tissue more so than the actual reduction in
muscle volume and cross sectional area. 50 This increase in fat and connective
tissue can disrupt the normal orientation of the muscle myofilaments. Such
composition changes as well as the loss of muscle fibers cause a notable
decrease in maximal tension generated by contracting muscle which is clinically
manifested in muscle weakness, slowness, and incoordination. 17
There are also several biological causes that, although are not as well
documented, are reported to contribute to the deficits in muscle strength in the
elderly. First, the cardiovascular system loses efficiency with age and
consequently various essential proteins are not delivered to muscles in the same
quantity as with younger adults. Second, the selectively permeable membrane of
muscle cells appears to decrease in efficiency particularly reducing the entry of
potassium ions in aging muscle resulting in decreased maximum force of
contraction, fatigue and lethargy of muscles. Third, nutritional requirements of
muscle are also altered as people age. Aging may change nutrient intake,
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increase the need for specific nutrients and interfere with the absorption, storage
and utilization of specific nutrients. 16
Research has both studied nutrients that enhance muscle as well as the
consequences of inadequate nutrient intake. Vitamin C enhances muscular
contraction and delays onset of fatigue. 60 Zinc, which is often deficient in the
elderly population, functions in muscle growth and enhancing the strength of
contractions. 61 .62 Elderly subjects with specific nutrient deficits of vitamin 0,
magnesium, zinc, and protein may exhibit impaired muscle function.12
Inadequate protein intake alone can result in; decreased muscle fiber area,
selective fiber atrophy, disorganization of myofibrils, decreased oxidative enzyme
capacity, glycogen depletion, electrolyte imbalance, decreased strength and
prolonged reaction time. 18 Undernutrition (a mild form of malnutrition that is not
to the degree that is considered pathological) is a common preventable and
reversible condition associated with muscle weakness in the elderly population.
Clearly, there are many naturally occurring alterations in muscle function due to
biological causes.
Pathological Causes
In addition to the multiple biological causes of muscle weakness, there are
numerous strength altering diseases that affect the elderly and can contribute to
muscle weakness. For instance, several endocrinologic conditions can result in
generalized muscle weakness including hypothyroidism, hyperthyroidism, male
hypogonadism, diabetes, Cushing's disease, and Addison's disease. 3.63
Approximately 10% of individuals over 65 have diabetes and many of these

10
individuals experience lower extremity muscle weakness secondary to peripheral
neuropathy. In addition, hypothyroidism is seen in 2% to 5% of people over 65
years of age and leads to impaired energy metabolism within the muscle fiber
and a decrease in contractile force. This disease manifests itself in proximal
muscle weakness, fatigue, slowing of movements, stiffness, myalgias, cramps
and occasionally enlargement of the quadriceps muscles due to myoedema.63
There are also several electrolyte and mineral alterations that can
manifest in muscle weakness, including but not limited to; hypophosphatemia,
hypokalemia, hyperkalemia, and hypercalcemia. 3 Of these, hypokalemia is the
most common cause of electrolyte myopathy in the elderly and often results in
slowly developing muscle weakness that begins in the legs and, in severe cases,
spreads to the arms, trunk and neck. 63
Dermatomyositis, polymyositis, anemia, congestive heart failure, and
chronic infections such as tuberculosis are often associated with muscle
weakness. 16 Specifically, dermatomyositis, an autoimmune connective tissue
disease, affects the membranes and vascular endothelium of skeletal muscle
fibers resulting in proximal limb muscle weakness in many elderly individuals.
Polymyositis, another autoimmune connective tissue disease, that primarily
affects 45- to 65-year-olds. This disease causes damage to muscle fibers
through cytotoxic lymphocytes and results in muscle weakness usually occurring
in the hips and thighs causing difficulty in arising from squatting, in kneeling and
in climbing or descending stairs. 63
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Several other pathological factors can also contribute to muscle weakness
in the elderly. Malnutrition, that is seen in 17% of community dwelling elderly
and up to 59% of institutionalized elderly, even of a mild degree can result in
muscle weakness.16.18.63.64 Polymyalgia Reumatica is also seen in about 1.5% of
elderly over 65 and is characterized by pain, muscle weakness, and stiffness in
the proximal muscle groupS.16.63 Alcoholism, a condition seen in 2% to 5% of
elderly men and 1 % of elderly women, can result in alcohol myopathy that
inevitably causes a decline in muscle strength for these individuals. 3.63
Muscle function in the elderly is not only affected by the cumulative effects
of multiple acute and chronic illnesses but also by their pharmacologic
interventions. For example, the chronic use of diuretics for cardiovascular
disease is associated with the depletion of skeletal muscle electrolytes and
attribute to muscle weakness. Similarly, corticosteriods have been found to exert
catabolic effects on muscle tissues leading to proximal muscle weakness and
atrophy if used chronically as in chronic obstructive pulmonary disease (COPO)
and many rheumatologic cjiseases. 18 In addition, psychotropic drugs, which are
prescribed to 50% of nursing home residents in the United States, have
consistently been associated with quadriceps weakness, impaired gait and
increased fall risk.s It is essential to recognize the pathological effects that
disease and medications can have on the muscle function of the elderly.
Functional Causes
Along with the biological and pathological causes, there are also several
functional causes that contribute to the decline in elderly muscle strength and
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function. Research has proved that muscle strength declines with inactivity.65-68
Furthermore, immobility and decreased activity has been shown to predispose
elderly persons to significant functional decline. 17 Harper and Lyles 67 reported a
loss of 1% to 3% of muscle strength per day of bed rest and as much as a 10%
to 15% loss per week. Muller68 also found that immobility persisting for two
months can result in atrophy of skeletal muscle mass to half its original size.
Similar results are found by Corcoran et al 66 but reveal that larger muscles are
more affected than smaller muscles and that leg musculature lose strength twice
as fast as arm musculature. Halar and his colleagues 67 specifically found that
bed rest is most detrimental on the quadriceps, back extensors, gastrocnemius,
soleus, anterior tibialis and to a lesser extent the biceps and shoulder muscles.
Inactivity and muscle disuse also produces histochemical changes in
skeletal muscle of the elderly. Eichelberger et al 69 found inactivity leads to a
decreased oxidative capacity of muscle mitochondria, a decreased tolerance to
oxygen debt, an earlier and longer accumulation of lactic acid, a fiber
degeneration and an increase in the proportion of fat and fibrous tissue in
muscle. All these changes affect the normal function of skeletal muscle.
Numerous studies show that loss of muscle strength is, at least in part,
because of a decrease in activity level in elderly subjects.16.14.66 Approximately
35% of community dwelling elderly over 65 describe themselves as being limited
in some type of daily activity and only 29% of elderly over 65 report doing any
regular exercise, including walking. 63 Muscles that continue to be used regularly
in activities of daily living such as the hand musculature tend to maintain strength
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throughout aging.14 However, those muscle groups that lack the fast forceful
movements in daily living consequently fail to optimally recruit motor units which
results in altered muscle function and decreased muscle strength. 16 Inactivity and
immobility tend to be common in elderly due not only to lifestyle changes but also
to the multiple acute and chronic illnesses endured by this population. 66
Another serious contributing factor in falls in the elderly is the 'fear of
falling, .70 Many elderly people, whether they have experienced a fall or not, have
such a concern about falling that they tend to avoid activities that they remain
physically capable of performing. 7o,71 About 40% of elderly have this fear of
falling and about 20% of elderly avoid activities such as shopping and cleaning
because of this fear.63 The fear of falling leads to and is a part of a debilitating
post-fall syndrome that is characterized by hesitancy, tentativeness, and loss of
confidence, mobility and independence. 7o -72 Elderly who fear falling limit their
activities which in turn contributes to.further deterioration of their physical
function .70 The result is a viscious cycle of the fear of falling causing decreased
activity, which in turn causes decreased muscle function leading to increased
risk of falling and thus greater fear. 65-68 ,72
In summary, there are numerous factors that contribute to the decline in
muscle function as people age. Although some of the biological and pathological
causes appear to be inevitable, it is a mistake to believe muscle weakness
cannot be reversed in many cases. Proper nutrition and increased activity level
have both been shown to improve the functional capacity of aging muscle. 20 ,69,73
Improving muscle strength in the elderly should decrease the risk of falling due to
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muscle weakness as well as improve confidence levels and decrease the fear of
falling . The next chapter will review the role of strength training to prevent or
reverse strength loss in the elderly.

CHAPTER III
THE EFFECTS OF STRENGTH TRAINING
ON MUSCLE FUNCTION IN THE ELDERLY
To effectively prevent falls due to lower extremity muscle weakness in the
elderly, the deficits in muscle function must be reversed. Strength training has
been shown to improve muscle function at all ages studied, however research
using strength training on the elderly is very limited. 16 ,73 In the current literature,
the majority of strength training studies in the elderly use healthy, active,
community dwelling men. 20 -29 There are relatively few strengthening studies that
focus on weak, institutionalized and/or very old subjects, which ironically are the
individuals at the highest risk of falls and who may potentially benefit most from
strength training. 18 Nonetheless, the research that has been published clearly
demonstrates that elderly men and women, even up to 90 years, maintain the
ability to increase their strength. 20-31 ,43 This chapter will provide a detailed review
of the effect of these strength training studies on muscle strength, muscle mass,
and neuromuscular function in healthy community dwelling elderly and in frail
and institutionalized elderly.
Improvements in Healthy, Community Dwelling Elderly
Several studies have used strength training regimes to improve muscle
strength and muscle hypertrophy in community dwelling, healthy elderly
15
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subjects.2o.22.23.26.27.29 Frontere and his colieagues 20 found the most impressive
results using isokinetic strength training on 12 healthy elderly male subjects
between 60 and 72 years of age. The training program lasted 12 weeks with
three daily sessions performed three times per week. Lower extremity strength
increases of up to 227%, midthigh muscle mass increases of 4.8%, and type I
and type II muscle fiber cross-sectional area (CSA) increases of 33.5% and

27.6%, respectively were observed. This study was concentrated on the lower
extremity muscles but significant improvements have also been seen in other
studies using 12 weeks of isokinetic strength training on the upper extremity
muscles of elderly subjects. 23.26
Larsonn et aj27 also found muscular improvements using isotonic strength
training on six healthy men (56-65 years) that trained the quadriceps muscles
twice a week for 15 weeks. The intensity and frequency of the exercise sessions
were much less that Frontere's20 research, but quadriceps strength and type II
CSA still increased moderately following the program.
More significantly, Charette and her colleagues 22 found 115%
improvements in quadriceps muscle strength and 20% increase in type II CSA in

27 elderly women (between 64-84 years) using only 12 weeks of isotonic
strength training performed three times a week. And, Perkins and Kaiser29
showed similar results using both isotonic and isometric strengthening in 20
elderly male and female subjects three times a week for only six weeks. In
addition , the strength gains of this study remained five months following the
completion supervised program.
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Muscle strength and muscle hypertrophy are not the only improvements
seen with strength training in the elderly. Sipila et al 21 found significant
decreases in intramuscular fat in the lower extremities of 16 elderly women
following 18 weeks of isotonic strength training. This study also tested women
using only aerobic activity but the same improvements were not observed (there
was insignificant muscle hypertrophy and negligible decrease in intramuscular
fat). This study is important because research shows that decreases in
intramuscular fat may improve the maximal tension and coordination of muscle
contractions.17
Moritani and deVries 24 also found an improvement in the neural activation
of muscle. Simply, they observed that elderly subjects primarily improve muscle
strength by increasing the maximal muscle activation level through greater
facilitation and/or less inhibition of motor nerves rather than through muscle
hypertrophy. Although many other studies have proved that muscle strength
increases result from both muscle hypertrophy and improved neural activation,
this study significantly shows elderly subjects had strength gains with no
observed hypertrophy, while younger subjects did not.
Improvements in Frail and Institutionalized Elderly
Since this independent study focuses on preventing falls in the elderly that
occur from lower extremity muscle weakness, the research that shows
improvements in strength in the population at highest risk of falling is imperative.
Frail and institutionalized elderly make up 61 % of the falls that are reported each
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year?4 Very little research has used strength training on weak nursing home
residents, but the few studies that have been published show positive
results.30.31.43
Fisher and her colieagues 30 found benefits using six weeks of isometric
and isotonic strength training on 14 nursing home residents (aged 60 to 90
years) who had markedly deteriorated muscle function. Seventy-five percent of
subjects showed improved quadriceps function with endurance, strength and
speed of contraction increasing 35%, 15% and 10%, respectively. In addition,
improvements in spontaneous activity and decreased dependence on nursing
staff remained for four months following the training program. At the completion
of the study, the authors concluded that a greater number of benefits may be
possible with the use of a longer and higher intensity regime.
Fiatarone et al 43 implemented a longer and higher intensity program than
to the one Fishe~o suggested. They used an 8-week isotonic strengthening
program on 10 frail, institutionalized subjects averaging 90 years of age. The
subjects performed three set of quadriceps exercises three times a week and
improved the quadriceps strength by 174%. Improvements were also reported in
midthigh muscle mass and mean tandem gait speed following the training. This
study is important because it not only shows significant improvements in strength
and muscle mass but it also shows carryover into functional activity (walking).
Sauvage and his colleagues 21 also show functional benefits following 12
weeks of isotonic strength training and stationary cycling on eight deconditioned
nursing home residents who displayed poor balance and lower extremity
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weakness. Ten outcome measures were assessed before and after the program
and of those ten the strengthening group revealed significant improvements in
the Tinetti mobility scores, quadriceps strength, lower extremity muscle
endurance, left stride length and gait velocity. The authors concluded that
appropriately designed strength training can result in significant improvements in
clinical mobility in frail nursing home residents.
There are number of studies that use other forms of exercise to improve
lower extremity muscle strength and in turn to prevent falls. 8,75-78 Although these
studies have shown increases in muscle strength in the elderly, the
improvements are not as great as those found with strength training. 28 It is
important to note that aerobic activities such as walking, jogging, and cycling are
beneficial to elderly individuals. 8 These activities increase the overall activity
level and improve the cardiovascular endurance that is often so low in the elderly
that even healthy individuals over 65 often report difficulties carrying out activities
of daily living without fatigue. 63 In addition, aerobic activities have been shown to
significantly improve quadriceps strength, reaction time, postural sway, speed of
muscular contraction, walking velocity, standing balance and flexibility of the hip
and trunk in elderly subjects. 72 ,76,77 Aerobic activities can also be used to
maintain gains achieved using strength training for up to one year following the
resistance training program?8 Although the research on these other forms of
exercise is important to the elderly population, the details of these studies,
however, are outside the realm of this paper.
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Clearly, isokinetic, isotonic and isometric strength training can all produce
muscle function improvements in the elderly.20-31,43 The most impressive results
were found using isokinetic exercises; however, isokinetic equipment is
expensive and complicated and in most cases it is not a practical means of
incorporating strength training into elderly individuals lifestyle. 20 Isotonic and
isometric programs were similarly effective in producing strength gains,
hypertrophy, improved neural activation and decreased intramuscular fat in
elderly volunteers. 21,22,24,27,29 Even the frail and institutionalized were able to
make significant improvements in as littie as six weeks and were able to
functionally benefit for up to four months following one isotonic/isokinetic
program. 24 Moreover, isotonic and isometric strengthening exercises can be
modified into functional exercise programs to specifically improve strength for
activities of daily living.79
Although this chapter convincingly shows that elderly subjects, even those
at highest risk of falling, maintain the ability to reverse muscle function deficits
through strength training, there is little research that significantly relates these
muscular improvements in functional activity. When incorporating strength
exercise into programs for fall prevention it is imperative to insure that the
activities that are employed in fact will decrease the participants risk of falling.
The next chapter will review the literature published on incorporating muscle
strengthening into fall prevention and will provide guidelines for future fall
prevention programs.

CHAPTER IV
PREVENTING ELDERLY FALLS WITH STRENGTH TRAINING
In the previous two chapters the muscle deficits that occur with aging and
the reversibility of these deficits using strength training were thoroughly
discussed. This chapter will review the current research that uses strength
training to prevent elderly falls, including the limitations of this research and
recommendations for future fall intervention .
As shown, muscle strength clearly declines with age and significantly
contributes to falls in the elderly. In addition, it is well documented that strength
training in this population can increase muscle size, strength and neural
activation . It is reasonable to assume that improved neuromuscular function
achieved through exercise would reduce falls in the elderly, however this has not
been conclusively demonstrated in the literature. 2 If falls occur at least in part to
lower extremity muscle weakness then strengthening targeted to improve this
deficit should clearly result in fewer falls. 32
Current Research
There is very limited research that uses muscle strengthening for fall
prevention in the elderly. The best documentation that uses exercise to
intervene in falls is published by the Frailty and Injuries: Cooperative Studies of
Intervention Techniques (FICSIT) . The FICSIT trials consisted of seven
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independent, randomized, controlled clinical experiments that assessed
intervention efficacy in reducing falls and frailty in elderly patients. The overall
purpose of this research was to determine if short-term exercise reduces falls
and fall-related injuries in the elderly. All seven of the FICSIT trials included 10
to 36 weeks of some type of exercise and at least one year of follow-up to record
the occurance of falls. Of these seven, however, only five sites used resistance
training as part of their studies. 32 These five studies will be reviewed in detailed
in this chapter.
Tinetti and his colleagues 33 studied 300 subjects who were 70 years of
age and older. All subjects were cognitively intact, not terminally ill, not
physically active and possessed at least one fall risk factor. Forty-three percent
of the subjects reported falling within the previous year. The authors compared
the effectiveness of usual care plus social visits (n=150) and targeted risk
intervention strategy (n=150) in reducing falls among at risk community elderly
persons. The intervention strategy included medication adjustments, behavioral
change recommendations, education and home-based exercise regimens
targeting the individual identified risk factors. When muscle weakness was
identified in the subjects, exercises were prescribed according to the individual
deficits of each subject. The strengthening exercises were not described in the
study except to note that progress was made by advancing the resistance of
theraputty and theraband. The researchers also used four levels of balance
exercises with some subjects to improve lower extremity strength and
coordination including; standing toe raises, sidestepping, one leg stance and
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sitting marching. Fall occurance was the primary outcome measured in this trial.
The subjects were followed for 12 months. The reported mean number of fall
events per subject was 1.39 for the control group who received the social visits
and 1.07 for the subjects who underwent the intervention strategy.32 Risk
intervention was shown to significantly reduce falls.
Buchner et al 34 compared the effects of three 6-month exercise
interventions (endurance training, strength training, or combined strength and
endurance training) on aerobic capacity, strength, gait, balance and fall
occurance. The study used 100 subjects between 68 and 85 years that
demonstrated leg weakness, impaired gait and resided in the community.
Twenty-three percent of the subjects reported falling in the previous year. The
strength training group (n=25) were either trained on Cybex or Nautilus isokinetic
equipment and included strengthening exercises for the gluteus muscles,
quadriceps, gastrocnemius, soleus, hamstring, hip abductors and adductors,
internal and external obliques, pectoralis major, anterior deltoid, biceps, triceps,
deltoids, trapezius, and ankle planterflexors, dorsiflexors, inverters, and everters.
The subjects underwent three weeks of 10 repetitions of 50% of one repetition
maximum (1 RM) on each muscle group and progressed by adding second set of
10 repetitions of 75-80% of 1RM at week four. Subjects were followed for an
average of 18 months and the reported mean number of fall events per subject
was 1.60 for the control group, .68 for the strength trained group, .80 for the
endurance trained group and 1.48 for the combination trained group.32 Strength
training alone showed the greatest benefits in decreasing falls in this trial.
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Mulrow et al 35 studied 195 frail nursing home residents, averaging 81
years of age, who were functionally dependent in two or more activities of daily
living but who were not severely cognitively impaired. Fifty-four percent of the
subjects reported falling within the previous year. The subjects were randomly
divided into control group and trial group. The trial group underwent four
months of individualized physical therapy. Subjects met with physical therapist
th ree times a vveek to perform functional activity and general conditioning
(including resistance, flexibility and balance training). The exercises were
individually tailored to the subjects level of physical and functional disability.
Follow-up on fall incidents was continued from 18 to 32 months after the
program. Interestingly, the reported number of fall events per subject was not
significantly different between the control group and the treatment group of this
trial. The authors speculate that these results were due to the severe frailty and
the multiple comorbid conditions of the subjects studied and believe more
beneficial results could be observed with less chronically involved nursing home
residents. 32
In addition, Fiatarone and her colleages 36 performed nursing home-based
intervention to improve muscle strength through progressive resistance exercise
training of the lower extremities and/or using multi-nutrient supplement. The
study used 100 chronically institutionalized subjects ranging in age from 70 to
100 and who were at high risk of falling. Sixty-six percent of the subjects
reported falling within the previous year. For 10 weeks, the subjects divided into
four groups: (1) high intensity progressive resistance training of hip and knee
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extensors three days per week, (2) multi-nutrient supplement, (3) combination of
both training and supplement and (4) control. Outcome measurements of falls
were obtained for 1112 years up to 4 years following the program. The reported
mean number of falls per subject were 2.77 for the control group, 2.32 for the
resistance trained group, 2.92 for the combined group and the supplement group
was excluded from these results. The authors believe that the nutritional
supplement provided in the combined group may not have been of sufficient
magnitude or duration to augment muscle function. 32 Nonetheless, the falls were
reported least in the resistance trained group of this trial.
Finally, Wolfson et al 37 studied 109 community dwelling elderly subjects
over 75 years of age. The study intended to see if (1) balance training alone; or
(2) strength training alone would be capable of significantly improving balance,
gait, and functional mobility; and, that (3) combined program of balance and
strength training would be more effective than either approach alone. The
subjects underwent 45 minute sessions three times week for three months. The
sessions included home-based Tai Chi training (an ancient Chinese discipline of
meditative movements practiced as a system of balance exercise) and strength
training of the hip abductors, hip extensors, knee flexors, knee extensors, ankle
planterflexors and ankle dorsiflexors. Thirty-one percent of the subjects reported
falling within the previous year.

Follow-up of one year was recorded and the

reported mean number of fall events per subject was 1.22 for the control group,
.82 for the resistance group, .82 for the balance group and 1.07 for the
combination group. The authors attribute the insignificant higher incidence of
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falls that occurred in the combination group to the high variability in response to
training. The strength trained and balance trained groups showed the best
decreases in the reported number of falls. 32
Limitations of Research
The overall analysis of the FICSIT trials concluded that exercise does play
significant role in reducing falls in the elderly. However, the results of these five
trials raise some important questions regarding future physical therapy
treatment. Many of the studies showed that falls were lowest in the strength or
balance trained groups but were actually increased in the combination trained
groups. However, the studies that revealed this result were based in nursing
homes and tested elderly subjects that were severely frail and suffered multiple
comorbid conditions. The community based studies found more beneficial
results using combined training regimes. Therefore, it would be a mistake to
assume the results found in the chronically involved nursing home residents
means that combining different forms of exercise into treatment plans would be
detrimental to all elderly patients.
Unfortunately, the FICSIT trials were five separate, independent studies
that included specific information on falls for the FICSIT analysis but did not
necessarily include that information as part of their individual outcome measures.
As a result many of the confusing findings on combination training were not
explained. In addition, conclusions from this analysis regarding the effects of
specific types of exercise (e.g., balance, resistance) must be guarded by the fact
that many of these were tested in combination with other types and/or
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nonexercise interventions therefore presenting difficulties in identifying the
success of any specific type of exercise. 32 Another major limitation to the FICSIT
trials lies in the limited description given of the strength exercises and the
progression used in the studies making the studies difficult to repeat and
document. 33-37
Not including the FICSIT study, the current research on fall prevention in
the elderly is extremely limited. Much of the research available on elderly falls
results from studies that target nursing personnel and discuss the use of physical
restraints (bed rails, poseys, belts, and harnesses) to prevent falling. 17 Ironically,
other research suggests that the use of such restraints actually increase the risk
of falls in the elderly.79-81 Physical restraints often lead to immobility and inactivity
in the patients that use them, further targeting them for muscle weakness and
subsequent falls. 32 ,65-68
It is important to note that there are several studies that claim their
exercise programs help to prevent falls, but which do not measure falls prior to or
following their strengthening programs. 8.10,32,75-76 Many of these studies measure
the effects of physical activity, some including strength training, on functional
outcomes such as reaction time, postural sway, and balance tasks in the elderly
but none of them include the occurance of falls. 8,10,75,76 For this reason, these
studies were not included in this review of fall interventions using muscle
strengthening.
The exclusion of functional exercise programs is another significant
limitation in the available research on fall intervention. Specificity of exercise
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implies that the muscle groups strengthened in resistance exercise program
must be the same muscles that require strength during the specific functional
activity you intend to improve. Specificity in training can also relate to the speed
at which an exercise is performed, the type of muscle contraction elicited, the
intensity of the exercise or the part of the range in which the exercise is
performed. 82 All these variables must match the requirements and demands
placed on the patient during the specific activity, for instance, if the patient
displays weakness during stair climbing they should train by climbing stairs at
different levels progressing to the actual level of their stairs and the number of
stairs they commonly are faced with. The study by Mulrow et al 35 was the only
FISCIT trial that used this principle in their intervention exercises but their results
were modest due to excessive frailty of their subjects.
Physical Therapy Recommendations
Falls in the elderly are a result of multiple interrelated factors and thus
require multidimensional team approach to intervention. Physical therapy plays
an essential role in this team approach by strengthening weak muscles and
providing adequate force production of the lower extremities and trunk for
support of posture and control of balance. 3.5o However, to accurately treat elderly
muscle weakness there first must be complete assessment of the patients
individual deficits.3.17.5o
Manual muscle testing is the most common method of muscle strength
assessment,81 yet in many cases manual muscle testing does not accurately
assess the functional limitations caused by muscle weakness. 3 When attempting
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to prevent falls, it is essential to identify the elderly patients individual muscle
function. 17 Careful observation, correct positioning and palpation are important
for validity of testing. In addition, the clinician should determine the patient's
level of motivation which can substantially influence the rating of strength. It is
also important to include some functional tests (Appendix A), which often tend to
provide more meaningful results than just simple manual muscle grading. 3
No intervention will be effective without specifically addressing the faller's
functional deficits. 14 Research shows that fallers display significant decrease in
dynamic strength of the knees and ankles when compared to nonfallers. 11 ,15,17
The weakness is most prominent in the ankle dorsiflexion at high velocities of
motion. 11 However, weakness in the hip musculature has also been significantly
noted in elderly fallers. 15 In addition , research suggests that the loss of fast
twitch (type II) muscle fibers in the elderly may increase their risk of falling due to
the slowness of the muscles to respond to loss of balance. 17 It is critical to
recognize these deficits so interventions can be focused on the appropriate
strengthening and retraining of coordinated function. 11
The use of the specificity of exercise principle and progressive resistance
is recommended to ensure that the strengthening exercises employed in future
fall intervention in fact strengthen the muscles that will functionally prevent falls
and to ensure that the subjects strength will continue to improve with train ing. 17,82
There is a list of possible functional exercises provided in Appendix B. This list is
by no means all-inclusive, but incorporates the use of progressive resistance and
specificity of exercise principles and could act as a possible model for future fall
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interventions. Some of the exercises provided require less strength and would
be beneficial for especially frail elderly but inappropriate for more functional
elderly individuals. Exercises should be included, excluded and modified to the
specific needs of each individual patient by a licensed physical therapist.
Before the implementation of any exercise program the patient should
consult his or her physician. In addition, there are specific precautions that must
be recognized when using strength training with an elderly population. The
following is a list of four major guidelines that should be followed. 16
1. Many elderly individuals have osteoporosis. Although resistance
training has benefits in these individuals, unilateral weight bearing may be
excessive for them. It is possible to fracture an osteoporotic bone during
strengthening exercises so it is essential to progress slowly and think of safety
first.
2. Many elderly individuals have osteoarthritis. Isometric exercises may
be less painful for them. Prolonging the amount of time that the contraction is
held is an effective way to increase strength without adding external resistance.
3. It is especially important for elderly individuals to avoid holding their
breath (Valsalva's maneuver) during exercise. Counting outloud helps avoid this
problem.
4. Elderly individuals should be taught to monitor their heart rate during
exercise.
This independent study does .not intend to suggest that strength training
alone will prevent falls in the elderly population. Muscle weakness is merely one
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of many factors that cause falling. Physical therapy can effectively provide
strengthening programs that will address the individual deficits found in elderly
that are prone to falling, yet many other services may be needed. Physicians
can provide the necessary changes in medications, nutritionists can provide the
necessary changes in diet, and physical therapists and occupational therapists
can provide gait and balance training, instruction in assistive walking devices,
evaluation in home safety and can determine adaptive equipment that may be
needed in the home. 50 The recommendations provided above are intended to be
incorporated into an overall treatment plan that best meets the individual needs
of the patient.

CHAPTER V
CONCLUSION
Falls among the elderly represent a major health problem with substantial
medical and economical consequences. Falls are the leading cause of
accidental death (and the seventh leading cause of death) in persons older than
65 years. In fact, of the elderly individuals that are hospitalized for a fall, only
50% live for one year thereafter. 63 To reduce the alarming rate of falls and
related excessive mortality and morbidity, efforts to detect persons at risk and
prevent or reduce the frequency of falls must be attempted. Facilitating such
approaches requires a comprehensive understanding of the reasons elderly fall.
Although research has identified many interacting factors that predispose
individuals to falling, the approaches to fall prevention have not been well
examined. 17
Muscle weakness has been documented as a prominent risk factor for
falls in the elderly population. This independent study reviews the causes of
decreased muscle function in the elderly. Biologically, significant decreases in
muscle mass, individual muscle fibers numbers, motor unit numbers and neural
activation of motor units have been consistently seen in the elderly.
Pathologically, many diseases and medications have shown to alter muscle
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function as people age. Functionally, inactivity and the fear of falling have also
been shown to contribute to muscle weakness in the elderly.
Fortunately, muscle weakness that occurs with age can be reversed in
many elderly individuals through the use of carefully implemented exercise
programs. This literature review also details the improvements in muscle
function using strength training in the elderly. Both healthy, community dwelling
elderly and frail, institutionalized elderly were shown to obtain improved muscle
function using isokinetic, isotonic and isometric strength training programs of
varying duration.
In addition , the use of strength training in fall prevention programs was
discussed in detail in this paper. In the few published studies available, strength
training was shown to at least in part decrease the risk of falls in the elderly. The
limitations of the research was discussed and physical therapy recommendations
was presented.
Although the high prevalence and serious consequences of falls in the
elderly are well known, research on fall prevention continues to be limited.
Research is the only way effective prevention of falls can be achieved. Physical
therapist are often in the ideal situation to implement the necessary fall
prevention research. Without further effective research, the future elderly
population may be at even further risk of falls.
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FUNCTIONAL STRENGTH TESTING OF THE LOWER EXTREMITY

STARTING POSITION

ACTION

FUNCTIONAL TEST

Standing on one leg

Lift toes and forefoot off
ground (dorsiflexion)

10-15 reps: functional
5-9 reps: functionally fair
1-4 reps: functionally poor
o reps: nonfunctional

Standing on one leg

Lift heels of ground(plantar
flexion)

10-15 reps: functional
5-9 reps: functionally fair
1-4 reps: functionally poor
o reps: nonfunctional

Standing on one leg

Lift lateral aspect of foot off
ground (ankle eversion)

5-6 reps: functional
3-4 reps: functionally fair
1-2 reps: functionally poor
o reps: nonfunctional

Standing on one leg

Lift medial aspect of foot off
ground (ankle inversion)

5-6 reps : functional
3-4 reps: functionally fair
1-2 reps: functionally poor
o reps: nonfunctional

Sitting in chair with armrests

Stand (knee extension, hip
extension)

Arises without use of hands:
functional
Arises using hands:
functionally fair
Arises with one or more
attempts: functionally poor
Requires assistance to
stand: nonfunctional

Standing at the bottom of
stairs

Ascend stairs (hip flexion,
knee extension)

6-8 stairs with step over
step ascent: functional
6-8 stairs with step to
ascent: functionally fair
2-5 stairs with step to
ascent: functionally poor
Requires assistance to
ascend stairs: nonfunctional

Appendix compiled from the following sources: 3,78,79
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FUNCTIONAL LOWER EXTREMITY STRENGTH EXERCISES

1.

1. Place enough books on floor to total 2 inches tall
2. Hold onto solid object for support
3. Step up onto books with right foot
4. Slowly lower
5. Repeat on opposite foot
6. Progress by increasing the height of the books until equal to height of
your stairs
7. Can also use a step to progress, or slowly add ankle weights
**GOAL** To increase quadriceps strength in stair climbing activities

© The Saunders Group Inc.

2.

1. Sit on edge of chair, feet flat on floor
2. Stand upright
3. Initially use arm rests for support and progress to standing without
using arm rests for support
**GOAL** To increase quadriceps and hip extension strength for sit to
stand activities

© The Saunders Group Inc.

3.

1. Advanced version of exercise #2
2. Sit on edge of chair as shown, with right foot closest to chair
3. Stand upright, letting the left leg help as little as possible
4. Repeat with the left foot close to the chair letting the right leg help as
little as possible
** GOAL** To increase quadriceps and hip extension strength for sit to
stand activities.

© The Saunders Group Inc.

4.

1. Stand holding onto a solid object as shown
2. Slowly bend the right knee
3. Hold 5 seconds and slowly lower
4. Repeat using left knee
**GOAL** To increase hamstring strength in gait activities

C The Saunders Group Inc.
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1. Advanced version of exercise #4
2. Follow directions in exercise #4
3. Progress by gradually increasing ankle weight
4. May also perform using theraband
**GOAL** To increase hamstring strength for gait activities

© The Saunders Group Inc.

1. Stand with feet 12 inches apart
2. Raise up slowly onto your toes as high as you can
3. Hold 5 seconds and relax
**GOAL** To increase ankle strength for stair climbing and gait

6.

I

© The Saunders Group Inc.

7.

1, Advanced version of exercise #6
2. Stand on one foot while holding on to sturdy object
3. Raise up slowly onto your toes as high as you can
4. Hold 5 seconds
5. Repeat on opposite foot
**GOAL** To increase ankle strength for stair climbing and gait

© The Saunders Group Inc.

8.

1 . Sit in a chair with knees bent as shown
2. bend right hip to lift foot off floor
3. Hold 5 seconds, slowly relax
4. Repeat with left hip
**GOAL** To increase quadriceps strength for stair climbing and gait

© The Saunders Group Inc.

9.

1. Advanced version of exercise #8
2. Follow directions in exercise #8
3. Progress by slowly increasing ankle weight
**GOAL** To increase quadriceps strength for stair climbing and gait

© The Saunders Group Inc.
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10.

1. Advanced version of exercise #9
2. Stand with legs straight, using sturdy object for support
3. Bend right knee and hip upward as shown
4. Hold 5 seconds, slowly relax
5. Repeat on left leg
6. May progress this exercise by adding ankle weight or using theraband
**GOAL ** To increase quadriceps strength for stair climbing and gait

© The Saunders Group Inc.

1. Stand with legs straight, using sturdy object for support
2. Lift leg forward, keeping knee straight as shown
3. Hold 5 seconds, slowly relax
4. Repeat on left leg
**GOAL** To increase quadriceps strength for gait

© The Saunders Group Inc.

1. Advanced version of exercise #11
2. Follow directions of exercise #11
3. Progress using theraband
**GOAL** To increase quadriceps strength for gait

© The Saunders Group Inc.

1. Stand with feet slightly apart, using sturdy object for support
2. Lift right leg backwards as shown
3. Hold 5 seconds, slowly relax
4. Repeat on left leg
**GOAL** To increase hip extensors strength for gait activities

© The Saunders Group Inc.

14.

1. Advanced version of exercise #13
2. Follow directions of exercise #13
3. Progress using theraband
**GOAL** to increase hip extensor strength for gait activities

© The Saunders Group Inc.
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1. Stand holding onto solid object for balance
2. Raise right hip out to side, without letting it come forward
3. Hold 5 seconds, slowly relax
4. Repeat on left leg
**GOAL ** to increase hip abduction strength for gait activities
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© The Saunders Group Inc.

1. Advanced version of exercise #15
2. Follow directions of exercise #15
3. Progress using theraband
**GOAL** To increase abduction strength for gait activities

© The Saunders Group Inc.

1. Stand with right toe pointing out to side as shown, using solid object for
support
2. Now cross the leg in front of your other leg
3. Hold 5 seconds, slowly relax
4. Repeat on left leg
**GOAL** To increase hip adduction strength for gait activities
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18.

1. Advanced version of exercise #17
2. Follow directions in exercise #17
3. Progress using theraband
**GOAL** To increase hip adduction strength for gait activities

PhysioTools compatible

Kelly Spadolini

10/13/96

4/4

REFERENCES
1. Harada N, Chiu V, Fowler E, Lee M, Reuben DB. Physical Therapy to
Improve Functioning of Older People in Residential Care Facilities. Phys Ther.
1995;75(9):830-838.
2. Cutson TM . Falls in the Elderly. Am Fam Physician. 1994;49:150-156.
3. Rubenstein LZ, Robbins AS, Schulman BL, Rosado J, Osterweil 0,
Josephson KR. Falls and Instability in the Elderly. JAGS. 1988;36:266-278.
4. Lord SR, Mclean 0, Stathers G. Physiological Factors Associated with
Injurious Falls in Older People Living in the Community. Gerontal. 1992;38:338346.
5. Lord SR, Clark RD, Webster IW. Physiological Factors Associated with Falls
in an Elderly Population. JAGS. 1991 ;39: 1194-1200.
6. Lord SR, Ward JA, Williams P, Anstey KJ. Physiological Factors Associated
with Falls in Older Community-Dwelling Women. JAGS. 1994;42:1110-1117.
7. Lipsitz LA, Nakajima I, Gagnon M, et al. Muscle Strength and Fall Rates
Among Residents of Japanese and American Nursing Homes: An International
Cross-Cultural Study. JAGS. 1994;42:953-959.
8. Judge JO, Lindsey C, Underwood M, Winsemius D. Balance Improvements
in Older Women: Effects of Exercise Training. Phys Ther. 1993;73:254-265.
9. Hyatt RH, Whitelaw MN, Bhat A, Scott S, Maxwell JD. Association of Muscle
Strength with Status of Elderly People. Age and Aging. 1990;19:330-336.
10. Gehlsen GM, Whaley MH. Falls in the Elderly: Part II, Balance, Strength,
and Flexibility. Arch Phys Med Rehabil. 1990;71 :739-741.
11. Whipple RH, Wolfson LI, Amerman PM. The Relationship of Knee and
Ankle Weakness to Falls in Nursing Home Residents: An Isokinetic Study.
JAGS. 1987;35:13-20.

41

42
12. Fiatarone MA, O'Neill EF, Doyle N, et al. The Boston FISCIT Study: The
Effects of Resistance Training and Nutritional Supplementation on Physical
Frailty in the Oldest Old. JAGS. 1993;41 :333-337.
13. Phillips SK, Bruce SA, Newton 0, Woledge RC. The Weakness of Old Age
is not Due to Failure of Muscle Activation. J Gerontol. 1992;47:M45-49.
14. Aniansson A, Sperling L, Rundgren A, Lehnberg E. Muscle Function in 75year-old Men and Women: A Longitudinal Study. Scand J Rehabil Med (suppl).
1983;9:92-102.
15. Guccione AA. Geriatric Physical Therapy. St. Louis, MO: Mosby-Year
Book Inc; 1993;40-4 1,248-249.
16. Lewis CB, Bottomley JM. Musculoskeletal Changes with Age: Clinical
Implications. In: Lewis CB. Aging: The Health Care Challenge. 2nd ed.
Philadelphia, PA: F.A. Davis Company; 1990:chap 7,172-176.
17. Bonder BR, Wagner MB. Functional Performance in Older Adults.
Philadelphia, PA:F.A. Davis Company;1994:43-47,225,237.
18. Fiatarone MA, Evans WJ . The Etiology and Reversibility of Muscle
Dysfunction in the Aged. J Gerontol. 1995;48:77-83.
19. Roussaeu P. Immobility and the Aged. Arch Fam Med. 1993;2:169-178.
20. Fontera WR, Meredith CN, O'Reilly KP, Knuttgen HG, Evans WS. Strength
Conditioning in Older Men: Skeletal Muscle Hypertrophy and Impaired Function.
J Appl Physiol. 1988;64(3):1038-1044.
21. Sipila S, Suominen H. Effects of Strength and Endurance Training on Thigh
and Leg Muscle Mass and Composition in Elderly Women. J Appl Physiol.
1995;78(1 ):334-340.
22 . Charette SL, McEvoy L, Pyka G, at al. Muscle Hypertrophy Response to
Resistance Training in Older Women. J Appl Physiol. 1991 ;70(5):1912-1916.
23. Roman WJ, Fleckenstein J, Stray-Gundersen J, Alway SE , Peshock R,
Gonyea WJ. Adaptations in the Elbow Flexors of Elderly Males After HeavyResistance Training. J Appl Physiol. 1993;74(2):750-754.
24. Moritani T, deVries HA. Potential for Gross Muscle Hypertrophy in Older
Men. J Gerontol. 1980;35(5):672-682.

43
25. Grimby G, Aniansson A, Hederg M, Henning GB, Grangard U, Kvist H.
Training Can Improve Muscle Strength and Endurance in 78- to 84-year old Men.
J App! Physio!. 1992;73(6):2517-2523.
26. Brown AB, McCartney N, Sale DG . Positive Adaptations to Weight-Lifting
Training in the Elderly. J App! Physio!. 1990;69(5):1725-1733.
27. Larsonn L. Physical Training Effects on Muscle Morphology in Sedementary
Males at Different Ages. Med Sci Sports Exerc. 1982; 14:203-206.
28. Panton LB, Graves JE, Polluck ML. Effects of Aerobic and Resistance
Training on Fractionated Reaction Time and Speed of Movement. J Geron.
1990;45: ~;/i26-31 .
29. Perkins L, Kaiser H. Results of Short Term Isotonic and Isometric Exercise
Programs in Persons Over Sixty. Phys Ther Rev. 1961;41 :633-640.
30. Fischer NM, Pendergast DR, Calkins E. Muscle Rehabilitation in Impaired
Elderly Nursing Home Residents. Arch Phys Med Rehabil. 1991 ;72:181-185.
31. Sauvage LR, Myklebust BM, Crow-Pan J, et al. A Clinical Trial of
Strenghening and Aerobic Exercise to Improve Gait and Balance in Elderly Male
Nursing Home Residents. J Phys Med Rehabi!. 1992;71 :333-342.
32. Province MA, Hadley EC, Hornbrook MC, et al. The Effects of Exercise on
Falls in Elderly Patients: A Preplan ned Meta-analysis of the FISCIT Trials.
JAMA. 1995;273:1341-1347.
33. Tinetti M, Baker 0, Garrett P, Gottschalk M, Koch M, Horwitz R. Yale
FISCIT: Risk Factor Abatement Strategy for Fall Prevention. JAm Geriatr Soc.
1993;41 :315-320.
34. Buchner 0, Cress ME, Wagner W, deLateur B, Price R, Abrass I. The
Seattle FISCIT/Movelt Study: The Effects of Exercise on Gait and Balance in
Older Adults. JAm Geriatr Soc. 1993;41 :321-325.
35. Mulrow C, Gerety M, Kanten 0, DeNino L, Cornell J. Effects of Physical
Therapy on Functional Status of Nursing Home Residents. JAm Geriatr Soc.
1993;41 ;326-328.
36. Fiatarone M, O'Neill E, Doyle N. The Boston FISCIT Study: The Effects of
Resistance Training and Nutritional Supplementation on Physical Frailty in the
Oldest Old . JAm Geriatr Soc. 1993;41 :333-337.

44
37 . Wolfson L, Whipple R, Judge J, Amerman P, Derby C, King M. Training
Balance and Strength in the Elderly to Improve Function. JAm Geriatr Soc.
1993;41 :341-343.
38. Tinetti ME, Williams TF, Mayewski R. Falls Risk Index fo r Elderly Patients
Based on Number of Chronic Disabilities. Am J Med. 1986;80:429-434.
39 . Nevitt MC, Cummings SR, Kidd S, Black D. Risk Factors for Recurrent
Nonsyncopal Falls. JAMA. 1989;261 :2663-8.
40. Campbell AJ, Borrie MJ, Spears GF. Risk Factors for Falls in a CommunityBased Prospective Study of People 70 Years and Older. J Gerontol.
1991 ;46 :rv'i114-22.
41. Robbins AS, Rubenstein LZ, Josephson KR. Predictors of Falls Among
Elderly People. Results of Two Population-Based Studies. Arch Intern Med.
1989; 149: 1628-33.
42. Lipsitz LA, Jonsson PV, Kelley MM, Koestner JS. Causes and Correlates of
Recurrent Falls in Ambulatory Frail Elderly. J Gerontol. 1991 ;46:M114-22.
43. Fiatarone MA, Marks EC, Ryan NO , Meredith CN, Lipsitz LA, Evans WJ .
High Intensity Strength Training in Nonagenarians: Effects on Skeletal Muscle.
JAMA. 1990;263:3029-3034.
44. Brooks SV, Faulkner JA. Skeletal Muscle Weakness in Old Age: Underlying
Mechanisms. Med Sci Sports and Exercise. 1994;4:432-9.
45. Murray P. Strength of Isometric and Isokinetic Contractions in Knee
Muscles of Men Aged 20 to 86. Phys Ther. 1980;60:4-10.
46. Davisl CTM, Thomas DO, White MJ. Mechanical Properties of Young and
Elderly Human Muscle. Acta Med Scand. (Suppl) 1986;711 :219-26.
47. Vandervoort AA, McComas AJ. Contractile Changes in Opposing Muscles
of the Human Ankle Joint with Aging. J Appl Physiol. 1986;61 :361-7.
48 . Cress ME, Schultz E. Aging Muscle: Functional, Morphological,
Biochemical, Regenerative Capacity. Topics in Ger Rehab. 1985;1 :11-19.
49. Porter MM, Vandervoort AA, Lexell J. Aging of Human Muscle: Structure,
Function, and Adaptability. Scand J Med Sci in Sports. 1995;5:129-142.
50. Lewis CB, Bottomley JM. Geriatric Physical Therapy: A Clinical Approach.

45
Norwalk, CT: Appleton and Lange. 1994;pp.50-9,276-9.
51 . Grimby G, Banneskiold-Samsoe S, Hvid K, Saltin B. Morphology and
Enzymatic Capacity in Arm and Leg Muscles in 78-82 Year Old Men and
Women. Acta Phys Scand. 1982;115:124-134.
52. Larsson L. Histochemical Characteristics of Human Skeletal Muscle During
Aging. Acta Phys Scand. 1983;117:469-471.
53 . Lexell J, Taylor CC, Sjostrom M. What is the cause of ageing atrophy?
Total Number, Size and Proportion of Different Fiber Types Studied in Whole
Vastus Lateralis Muscle from i 5- to 83-year old Men. J Neura/ Sci.
1988;84:275-294.
54. Larsson L. Physical Training Effects on Muscle Morphology in Sedementary
Males at Different Ages. Med Sci Sports Exerc. 1982; 14:203-6.
55. Kanda K, Hashizume K. Changes in Properties of the Medial
Gastrocnemius Motor Units in Aging. J Neuraphysio/. 1989;61 :737-746.
56. Campbell MJ, McComas AJ, Petito F. Physiological Changes in Aging
Muscle. J Neural Neurasurg Psychiatry. 1973;36:74-182.
57. Tomlinson BE, Irving D. The Numbers of Limb Motor Units in the Human
Lumbosacral Cord Throughout Life. J Neural Sci. 1977; 39:213-219.
58. Rice CL, Cunningham DA, Paterson DH, Lefcoe MS. Arm and Leg
Composition Determined by Computed Tomography in Young and Elderly Men.
C/in Physi%/. 1989;9:207-220.
59. Overend T J, Cunningham DA, Paterson DH, Lefcoe MS. Thigh Composition
in Young and Elderly Men Determined by Computed Tomography. Clin
Physiolol. 1992; 12:629-640.
60. Riccitelle ML. Vitamin C Therapy in Geriatric Practice. JAm Geriatr Soc.
1972;20:34-42.
61. Isaacson A, Sandow A. Effects of Zinc on Responses of Skeletal Muscle. J
Gen Physio/. 1978;48:655-677.
62. Krotkiewski M, Gudmundson M, Backstrom P, Mandrovkas K. Zinc's
Relationship to Muscle Strength and Endurance. Acta Physio/ Scand.
1982;116:309-311.

46
63. Abrams WB, Berkow R. The Merck Manual of Geriatrics. Rahway, NJ:
Merck and Co. Inc. 1990.
64. Lopes J, McRussel D, Whitwell J. Skeletal Muscle Function in Malnutrition.
Am J Clin Nutrit. 1982;36:602.
65 . Corcoran PJ. Use it of Lose it: The Hazards of Bed Rest and Inactivity.
West J Med. 1991 ;154:536-8.
66. Harper CM, Lyles YM. Physiology and Complications of Bed Rest. JAm
Geria tr Soc. 1988;36; 1047-1054.
67. Halar EM, Bell KR. Contracture and Other Deleterious Effects of Immobility.
In: Delso JA ed. Rehabilitaion Medicine: Principles and Practice. Philadelphia,
PA: JB Lippincott; 1988;448-462.
68. Muller EA. Infleunence of Training and of Inactivity of Muscle Strength.
Arch Phys Med Rehabil. 1970;51 :449-462.
69. Eichelberger L, Roma M, Moulder PV. Effects of Immobilization on the
Histochemical Characterization of Skeletal Muscle. J Appl Physiol. 1958; 12:4250.
70. Buchner DM, Hornbrook MC, Kutner NG. Developement of the Common
Database for FISCIT trials. JAm Geriatr Soc. 1993;160:14-18.
71 . Quail GG . An Approach to the Assessment of Falls in the Elderly. Aust
Fam Physician. 1994;23(5):873-882.
72. Nevitt MC, Cummings SR, Kidd S, Black D. Risk Factors for Recurrent
Nonsyncopal Falls, A Prospective Study. JAMA. 1989;261 :2663-8.
73 . Brown M, Rose SJ. The Effects of Aging and Exercise on Skeletal Muscle:
Clinical Considerations. Topics in Ger Rehab. 1985; 1(21 ):20-30.
74. Commodore DI. Falls in the Elderly Population: A Look at Incidence, Risks,
Healthcosts and Preventative Strategies. Rehab Nurs. 1995;20(2):84-89.
75. Lord SR, Castell S. Physical Activity Program for Older Persons: Effect on
Balance, Strength, Neuromuscular Control and Reaction Time. Arch Phys Med
Rehabil. 1994;75:648-652.

76. Lord SR, Caplan GA, Ward JA. Balance, Reaction Time and Muscle

47
Strength in Exercising and Nonexercising Older Women: A Pilot Study. Arch
Phys Med Rehabil. 1993;74:837-839.
77. Brown M, Holloszy JO. Effects of a Low Intensity Exercise Program on
Selected Physical Performance Characteristics of 60- to 71-year olds. Aging.
1991 ;3(2):129-139.
78 . Brown M, Holloszy JO. Effects of Walking, Jogging and Cycling on
Strength, Flexibility, Speed and Balance on 60- to 72- year aids. Aging.
1993;5(6):427-34.
79 . Feist RR . A Survey of Accidental Falls in a Small Home for the Aged. J
Gerontol Nurs. 1978;4:15-19.
80. Innes EM, Turman WG. Evaluation of Patient Falls. QRB. 1983;9:30-36.
81. Magee OJ. Orthopedic Physical Assessment. Philadelphia, Pa: WB
Saunders Co. 1992:476.
82. Kisner C, Colby LA. Therapeutic Exercise: Foundations and Techniques,
2nd ed. Philadelphia, Pa: FA Davis Co; 1990:84-88.

